Chloral hydrate (CHI is used as an anaesthetic agent in laboratory rats. Side effects occurring with high concentrations have mainly occurred in abdominal organs. The objective of the present study was to minimize these side effects following intraperitoneal administration of CH using lower concentrations. Animals were evaluated using different procedures including a general necropsy, intraperitoneal white cell counts, histology and duodenal peristalsis and acetylcholine-induced contractions. Results clearly show that lower concentrations of CH while keeping the same anaesthetic dose (400 mg/kg) will minimize the irritancy of CH on abdonimal organs while providing the same level of anaesthesia.
point of view. Negative side effects occurring with high concentrations of CH include gastric mucosal injuries, adynamic ileus and peritonitis (Valenstein 1961 , Fleischman et al. 1977 , Davis et al. 1985 , Ogino et a1. 1990 , Dada et al. 1992 as well as fibrosis of the serous membranes and steatitis with visceral lipid deposits (Field et al. 1993) . In studies using low concentrations of CH, mild to moderate inflammation involving the splenic capsule and/or the peritoneal surface of the body wall were observed (Spikes et al. 1996) . Despite these disadvantages, CH is still used as a surgical anaesthetic in acute and chronic research protocols. Side effects may be reduced by decreasing the concentration of CH (mg/ml) while administering the same dosage (mg/kg) to animals (Ni et al. 1994) .
The general objective of the present study was to minimize or, even better, eliminate the side effects of intraperitoneal administration of CH. Our working hypothesis was that lower concentrations of CH will be less irritant to the abdominal organs while providing the same level of anaesthesia. To test this hypothesis different evaluations were performed following injections of CH such as of reflexes, peritoneal white cell counts, histology of abdominal organs and peristalsis and acetylcholine-induced contractions of the small intestines.
Materials and methods

Experimental animals
Fifteen male and 15 female Sprague-Dawley rats from an in-house breeding colony originating from Charles River CD outbred rats (Charles River, Canada) were used in this study. Sentinel animals were sent twice a year for a serological profile (SDA, Sendal, PVM, H-l, KRV,Mycoplasma pulmonis) to Laboratory Animal Pathology Services, Armand-Frappier Institut, University of Quebec. These rats were always found to be free of bacterial, viral and parasitic pathogens. Rats weighing between 400 to 700 g were kept in a standard laboratory animal environment (HEPA filtered air: 15 changes/h, temperature: 21 ±3°C, humidity: 40-60% and light-dark cycle: 12: 12 hI. They were housed in groups of two or three in polycarbonate cages (H: 21 em, W: 40 em, L: 51 em, Labproducts USA). Maplewood bedding (Sanychip, PWI Inc.) was changed twice a week. Rats received fresh water and commerciallaboratory rat food [Charles River, 5075 Rodent) ad libitum. Rats were kept at the Ste-]ustine Hospital Research Centre animal facility which is accredited by the Canadian Council of Animal Care. The experimental protocol was approved by the Institutional Animal Care and Use Committee prior to animal use.
Anaesthesia and intraperitoneal injections
Chloral hydrate was prepared by diluting crystals in a saline solution (0.9% NaCI) and 85 filtered through a 0.2 11mpaper filter in order to obtain final concentrations of 40 mg/ml and 80 mg/ml. Three groups of 10 animals each and an equal number of males and females were used in this study. Group 1 received saline and groups 2 and 3 were injected with 40 and 80 mg/ml of CH respectively. Animals in groups 2 and 3 received 400 mg/kg of CH while the control group received 0.75 mljlOO g B/W of saline. Saline and CH solutions were administered at room temperature. In groups 2 and 3, the level of anaesthesia following CH injections was evaluated using forelimb and hindlimb withdrawal reflexes. The duration of the anaesthesia was reported as the time between the disappearance of the withdrawal reflex following induction to the reappearance of the reflex in either the anterior or the posterior limb. At the end of each experiment the animals were returned to their cages and a clinical evaluation performed each day for the two following days.
Tissue sampling, histological preparations and necropsy
Two days after CH and saline injections, the rats were anesthetized with pentobarbital (130 mg/kg, intraperitoneal). A solution of Hanks medium was then administered i.p. and a small incision of the abdominal wall was performed in order to collect the medium for cellular counting. The abdomen was then opened and a 3 cm intestinal segment 10 cm distal to the pylorus was removed. This intestinal segment was then put in a physiological Krebs medium for the evaluation of spontaneous and acetylcholineinduced (Ach-induced) contractions. Another intestinal segment was collected adjacent to the first one together with pieces of abdominal wall (anterior lower third, one centimetre lateral to the sagittal plane and on the opposite side of the saline or CH injection), spleen (mid-organ cut) and stomach (glandular portionl for histological preparations. The tissues were placed in a 10% formalin solution. After 2 days the tissues were embedded in paraffin. Thin sections (5 I1mlwere stained with haematoxylin, phloxine and saffan (HPS) and mounted for microscopic observations.
Animals were sacrificed by exsanguinations via a heart puncture and a complete necropsy was performed.
Cell counts
Following anaesthesia, 100 ml of a sterile Hanks solution (Gibco PRL, Grand Island, New York, USAl was injected intraperitoneally. A small ( < 1 cm) incision in the abdominal wall (linea alba) was performed to collect abdominal fluids using a syringe with a 16 G needle. Samples from each animal were centrifuged (20 000 cycle/s) for 15 min. The supernatant was then removed and 15 ml of Hanks (Gibco PRL, Grand Island New York)was added to the pellet. Twenty ,.11 of this preparation was placed on a haemacytometer together with 20 J.!lTurk (Sigma Inc.1 to stain and count white blood cells.
Evaluation of intestinal contractions
Upon immediate removal, the duodenal sections from each animal were placed for 15 min in a Krebs solution (118.0 mM NaCI, 4.7 mM KCI, 2.5 mM CaCh, 1.2 mM MgS04, 1.0 mM KH2P04, 25.0 mM NaHC03 and 11.0 mM glucose) equilibrated with (95% O2 and 5% C02l at a pH of 7.4. This allowed us to prepare the longitudinal segments for the gut bath (Kent Scientific Instrumentsl by attaching, with 4.0 silk thread, both ends of the intestinal segments. The intestinal segment was mounted in a gut bath, one end of the segment was attached to a fixed anchor and the other segment was attached to a force transducer. The gut bath was perfused at a rate of 5-10 ml/min with the above described Krebs solution at room temperature. The intestinal segment was set under a constant resting tension of 2 g. This preparation was left to stabilize for another 30 min and the tension was adjusted regularly to maintain a 2 g resting tension so that the muscles were recorded under the same conditions. The bath was filled with 50 ml of Krebs at room temperature bubbled with 95% O2 and 5% CO2, After a 30 min stabilization period an acetylcholine solution (0.1 cc) was injected in close proximity to the intestinal segment. Acetylcholine was used because it is known to cause intestinal contraction in circular and longitudinal muscles of the small intestines (Sperelakis & Prosser 1959, Harry 19631.The acetylcholine (Sigma Inc.) solution was prepared so that the final concentration in the bath was 10 J.!M. This dose (Dso)induces half-maximal muscle contractility in mammalian duodenum (Poitras et al. 1987 ). The force transducer was coupled to a computer for on-line recordings. The following measurements were made for peristaltic contractions: (1)peristalsis frequency and (2)peristaltic force (measured from peak to peak); and for Ach-induced contractions: (1) 50% MaxForce defined as the force measured at 50% of peak force, (2) time to peak defined as the time from the injection of acetylcholine to the time at which 50% MaxForce was attained, and (3) the slope taken as the maximal measured value during the Ach-induced contractions. The force developed during Ach-induced contractions was calculated by subtracting the 50% MaxForce from the force measured at the injection of acetylcholine.
Statistical analysis
For results from smooth muscle contraction, an analysis of variance (ANOVAIof a randomized design was performed. A Student's t-test was performed for anaesthesia times following CH injections.
Results
Anaesthesia
Anaesthesia was defined as the time from induction accompanied by the absence of the withdrawal reflex to the reappearance of the withdrawal reflex. In group 2, the duration of anaesthesia varied between 30 and 90 min. In most animals (4/10) the duration of anaesthesia was 45 min. Two animals were not anaesthetized and withdrawal reflexes were present up to 90 min following the CH injection. Mean anaesthesia time in group 2 animals was 54.4± 19.5. In group 3, the anaesthesia time varied between 30 and 75 min. In most animals (4/10) the duration of anaesthesia was 60 min. One animal in this group was not anaesthesized and reflexes were present for up to 90 min following the CH injection. Mean anaesthesia time in group 3 animals was 51.7 ± 15.2. Anaesthesia times were not different between groups 2 and 3 (t-test independent variables = not significant).
A general examination was performed on the days following the injections. No particular sign of distress was observed in any animal. Activity, walking pattern, fur coat appearance and vigilance were similar in all groups.
Cell counts
One animal in group 2 and the controls had a positive cell count, 1.2 x 10 5 cells/ml and 1.8 x 10 5 cells/ml respectively. In group 3, however, six animals had positive white cell counts and the average cell count was 6.5 ± 3.5 x 10 5 cells/ml. Following centrifugation of the peritoneal fluids, the red cell layer thickness was clearly visible in group 3 animals, compared to groups 1 and 2, where it was almost absent. Unfortunately the numbers of red cells were not computed during the haematocytometer evaluation, however the peritoneal inflammation must have been more important in group 3 since red blood cells were present in the transudate. These results suggest that the abdominal irritation with a dose of 80 mg/ml of CH is much more severe than the control and 40 mg/ml CH preparation, which were practically devoid of white blood cells in the abdomen.
Necropsy
General necropsies revealed no abnormal findings in groups 1 and 2. Two important observations were noted in group 3 animals. A bluish appearance of the small and large intestines was clearly observed. It was also apparent that peristalsis was greatly decreased, to absence, in these animals. The intestines were filled with ingesta. Focal necrosis of the colon was observed in one animal from group 3 and this was most likely related to the i.p. injection of CH.
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Histopathology
In the abdominal wall of some group 2 and in most of group 3 animals, minimal to moderate necrotizing myositis was observed (example shown in Fig 1) .Few group 2 animals (2/101 showed a minimal myositis whereas in most of group 3 animals (6/10), the myositis was slight to moderate. The myositis was characterized by areas of usually multifocal and segmental coagulation necrosis of myocytes with digestion chambers. Those areas were infiltrated and surrounded by varying amounts of mononuclear cells and neutrophils. This concentration-dependent increase in the incidence and severity could be related to an increased irritancy of the injected solution in group 3 animals.
In the abdominal wall of one control animal, minimal and multifocal degeneration of muscular tissue without any noticeable inflammation was observed. In the abdominal wall of few animals of all groups, minimal graded inflammation characterized by foci of mainly mononuclear cells was noted.
Pathological changes were also observed in the spleen. In the spleen of some group 2 [4/10) and group 3 animals (6/10), minimal to slight inflammation of the serosa was noticed and consisted usually of an infiltrate of mixed inflammatory cells in the splenic serosa sometimes extending to adjacent adipose tissue. Such a finding was not noted in control animals. Serosal inflammation of the liver and cytoplasmic vacuolation of hepato- Minimal serosal inflammation of the small intestines and stomach was also observed in one animal from each of the treated groups. It was not considered to be related to the test article injection. In the colon of one group 3 animal, a focal and transmural ulcerative colitis extending to the serosa was noticed, which could be secondary to the intraperitoneal injections of CH. Other findings were considered to be incidental in origin. and this can be explained by a much lesser force developed in groups 2 and 3 where increasing doses of CH are involved. The slope was measured because it is an indication of the reaction of the cell to contract following the activation of the Ach receptors to acetylcholine and in turn translate the responsiveness of smooth muscle cells. CH also affected the slope value to Ach-induced contractions (df=29, F (2,27)= 17.65, P < 0.001). Figure 2 shows three typical 
Intestinal contractions
Statistical analysis shows that the frequency (df=29, F (2,27), P < 0.001) and the amplitude (df=29, F 12,27)=45.08, P<O.OOl) of peristaltic contractions of duodenal segments are strongly affected by CH. Table 1 shows the mean ± so of measured parameters for peristaltic and Ach-induced contractions. Average peristaltic force values for groups 2 and 3 are respectively 68% and 47% of control values. Most strikingly, 6/10 animals in group 3 had near zero values of peristaltic force. Therefore in the 80 mg/ml group, our visual appreciation during necropsy of diminished peristalsis was confirmed.
Following the injection of acetylcholine the force developed by the duodenal strips was affected by CH (df= 29, F (2,27) = 16.25, P < 0.001). Average Ach-induced force values for groups 2 and 3 were respectively 69% and 44 % of control values. The time to peak shows a significant difference between the groups Idf=29, F (2,27)= 15.76, P<O.OOl) curves of Ach-induced duodenal contractions for control, group 2 and group 3 animals.
Discussion
Chloral hydrate is a transluscent crystalline substance easily dissolved in water or physiologic saline (0.9% NaCI). Well absorbed when injected by the intraperitoneal route, it is transformed in trichloroethanol and its half-life is between 5 and 20 min (Thurmon et al. 1996) . CH and trichloroethanol eventually go through blood-brain barrier, which causes a depression of the central nervous system where it is known to alter cerebral enzymes (Trulson & Ulissey 1987) . CH provides a deep plane of surgical anaesthesia accompanied by respiratory and cardiovascular depression (Field et al. 1993) .These depressant effects are attributed to a direct effect on the respiratory centre, heart and vasomotor centre (Lehmann & KnoefelI938). Although CH may be used as an anaesthetic it may cause certain inflammatory lesions of the abdomen. The main objective of the present study was to diminish or better eliminate the secondary negative side effects of intraperitoneal administration of CH while providing anaesthesia.
Our results clearly show that smaller concentrations of CH, while keeping the same anaesthetic dose (400 mg/kg), will minimize the irritancy of CH on abdominal organs while providing the same level of anaesthesia. Although lesions were present in animals of groups 2 and 3, necropsy and histopathology revealed that many group 3 animals were affected by intraperitoneal injections of the anaesthetic whereas only a few animals in group 2 were affected. Group 3 animals had signs of moderate inflammation and necrosis observed in tissues of chosen abdominal organs, whereas lesions seen in a few control and group 2 animals were minimal. Six animals in group 3 had positive white cell counts whereas only one animal each in the control group and group 2 had a positive white cell count. Following the peritoneal wash, red blood cells were found to be much more numerous in group 3 animals and this is reflective of a severe inflammation with a cellular transudate.
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Finally compared to control values, average forces of peristalsis and Ach-induced contractions were 70% and 45% in groups 2 and 3 respectively. These results strongly favour the argument that greater dilutions of CH will be less irritant to the abdominal organs and dilutions less than 40 mg/ml should be administered when CH is used for anaesthesia. Since intestinal contractions were evaluated 2 days following the injection of CH, it is possible that lesions to nerve fibres, such as parasympathetic nerve fibres, may be responsible for the long-lasting effects of CH.
In these experiments, a dose of 400 mg/kg CH was selected because it is broadly used by research investigators who desire a surgical level of anaesthesia (Lehmann & Knoefel 1938 , Valenstein 1961 , Trulson & Ulissey 1987 , Ogino et al. 1990 , Spikes et al. 1996 , Fleischman et al. 1997 )and also because it is lower than the lethal dose (500-600 mg/kg) (Ogino et al. 1990 ).Toxicological studies have also used the same dose (Adams 1943) . CH at a dose of 400 mg/kg is reported to cause a severe adynamic ileus (Fleischman et al. 1977 , Davis et al. 19851together with gastric ulcers (Ogino et al. 1990 ), abdominal wall necrosis and splenic capsule inflammation (Spikes et al. 1996) .However in most of these studies, the concentration of CH ranged from 125 mg/ml to 300 mg/ml. One study (Spikes et al. 1996) reported that with a CH concentration of 40 mg/ml no adynamic ileus was observed. This was merely reported as a personal communication and no data were provided to demonstrate that lesser concentrations of CH eliminated the adynamic ileus. Our results show that with a concentration of 40 mg/ml, peristalsis appeared normal upon the opening of the abdomen. Following light microscopy observations, light to moderate inflammation of abdominal organs was observed together with necrosis of the abdominal wall. However the chamber bath studies revealed that at 40 mg/ml CH, although the intestinal muscles were functional they were not normal, since approximately 70% of the Achinduced force was recorded.
To our knowledge this is the first study evaluating quantitatively intestinal contractions following the injection of an anaes-thetic that is irritant to abdominal organs. Peritonitis was more severe with increasing concentrations of CH. White cell counts together with the number and the severity of lesions were also increased with increasing concentrations of CH. Altogether these results suggest that our methodology provides an approach to establish safe doses and concentrations of CH to diminish the severity ot or better still to eliminate, peritonitis and adynamic ileus. This approach may be used for other anaesthetics that are known to cause peritonitis as well as small and large intestinal dysfunctions. The objective of our study was not to evaluate the anaesthetic level of CH but rather, as a first step, to quantify the abdominal irritation following a single injection of frequently used doses and concentrations of CH. We also aimed at finding doses that would eliminate peritonitis and maintain normal intestinal functions.
Our results suggest that CH concentrations of less than 40 mg/ml should be used to anaesthetize rats. Since few rats were not anaesthetized following a single injection of CH with either concentrations (40 or 80 mg/ml), future studies should investigate the effects of multiple injections of CH needed to reach anaesthetic levels for surgical procedures.
